Introduction
Diabetic nephropathy (DN), as the most common diabetic microvascular complication, accounts for a third of all patients with diabetes mellitus (1) (2) . Data from developed countries show that diabetic nephropathy is the first cause of renal replacement therapy (3) . However, existing clinical interventions which contain strict control of hyperglycemia and hypertension, and block the renin-angiotensinaldosterone axis have been demonstrated only to delay the progression of DN, not to cease or reverse the pathological state (4) (5) .
Recent studies have appreciated that the central pathogenesis of DN resulting from diabetes is oxidative injury, as well as inflammatory and immune responses (6) . Numerous studies have proposed that macrophage infiltration and activation in diabetic kidney initiate inflammation via the release of some related factors, which subsequently lead to the development and progression of DN. Toll-like receptors (TLRs) are germline-encoded receptors which have been found on either antigen-presenting cells (including macrophages, and monocytes) or kidney intrinsic cells, especially renal tubular epithelial cells and endothelial cells (7) . The recognition of TLRs ligands triggers the innate immune response for the activation of TLRs signaling promotes the transcription of NF-κB, which causes an inflammatory cascade with a high release of pro-inflammatory cytokines and chemokines (8) . Nevertheless, in vivo and in vitro studies, showed increased expression in TLR2 was observed respectively in a streptozocin (STZ) induced diabetic model and high glucose circumstances (9) , while it was also noted that an attenuation in NF-κB and pro-inflammatory cytokines activation with silenced or inhibited TLR4 expression (10) , indicates the significance of TLRs in mediating the whole process. Furthermore, TLR2 and TLR4 can be found in macrophages, which are strongly related to its activation. Thus, we assume that the terminal kidney injury called DN resulted from the TLR2/4-mediated inflammatory state triggered by a certain diabetic microenvironment.
Paeoniflorin, a typical Chinese herbal medicine ingredient, is a primary component of total glucosides of paeony, isolated from the dried root of Paeonia lactiflora Pall (Family: Ranunculaceae) which was used in traditional Chinese prescriptions for antiinflammatory, analgesic and diuretic effects (11) . The drug has been admitted by US Food and Drug Administration for marketing since 1998 and Paeoniflorin itself has been shown to have not only antiinflammatory, immune-regulatory, anti-allergic (12) , and antinociceptive effects (13) , but also antioxidative (14) and antiproliferative (15) activities as well by a growing number of scientific research studies. An experiment conducted by Fu et al. discovered a lower level of urinary albumin and ameliorated glomerular hypertrophy, together with decreased macrophage infiltration and inflammatory factor production in Paeoniflorin-treated rats (16) . Also, Huang et al. revealed TLR as one of the paeonol target genes relevant to the anti-inflamatory effect (17) . Therefore, the former evidence implicated that Paeoniflorin might mediate the inflammatory response via the TLRs signaling pathway in DN. Our study was designed to investigate the mechanism of how Paeoniflorin prevents TLR2/4-mediated inflammation in type 2 diabetic nephropathy.
Materials and Methods

Drugs and reagents
Paeoniflorin [C23H28O11, MW: 480.45, purity: 98.78% (HPLC)], LD50: 9,530 mg/kg] was bought from Nanjing GOREN BIO Technology Co., Ltd (Nanjing, China) as the commercial product. Its molecular structure is shown in Figure 1 . OxPAPC was prepared by invivoGen Biotechnology (invivoGen, USA). CCK-8 Cell Counting Kit was obtained from Vazyme Biotech Co. (Nanjing, China). The rabbit anti-TLR4, MyD88, Trif, iNOS antibodies were purchased from Abcam Biotechnology (Abcam, Cambridge, UK) and p-IRF3, NF-κB p65, NF-κB p-p65 were from Cell Signaling Technology (CST Beverly, MA, USA), together with TLR2 from EMD Millipore Corporation (EMD Millipore, USA). The rabbit anti-p-IRAK1 were from Santa Cruz Biotechnology (Santa Cruz, California, USA). TNF-α and IL-1β ELISA kit were from R&D Systems (R&D Systems, USA), while MCP-1 ELISA kit was obtained from RIBIO TECH ( RIBIO TECH , Beijing, China).
Animals
The wild db/m littermates and db/db mice were purchased from the Model Animal Research Center of Nanjing University and housed individually in cages under standard conditions with 12-hour light-dark cycle, free access to food and water, room temperature of 24°C and humidity of 60%. The experimental protocols were approved by Ethical Committee of Animal Research of Anhui Medical University and executed according to the recommendations of Laboratory Animal Care and Use.
Experimental design
The db/m mice were recognized as the non-diabetic control group (n = 12). The db/db mice whose blood glucose levels were over 16.7 mmol/L, were regarded as diabetic and were randomly divided into four groups (diabetic control group and Paeoniflorin intervention groups) among which there existed no differences, number of rats in each group was 12. Paeoniflorin intervention groups were intraperitoneally injected with Paeoniflorin daily at the dose of 15, 30, or 60 mg/kg respectively at 10-weeks of age, while the non-diabetic control group and diabetic control group were injected with an equivalent amount of saline. All the mice were sacrificed at 12-weeks-of-age and the kidneys were harvested for further analyses. The weight of the body and kidney, as well as blood glucose of each mouse were recorded using an electronic scale and glucose analyzer, while the blood samples were obtained by jugular artery catheterization.
Metabolic data analysis
Prior to sacrifice, samples for 24 h urine were gathered from the mice for the calculation of urinary albumin excretion. Creatinine clearance rates were calculated by urinary creatinine concentration/serum creatinine × urine flow per minute. 
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BioScience Trends Advance Publication P3 cell protein were lysed and combined with loading buffer, boiled, then separated using 10-12% SDS-PAGE. Proteins were electro blotted onto a nitrocellulose membrane, incubated with primary antibody TLR2, TLR4, MyD88, p-IRAK1,Trif, p-IRF3, NF-κB p-p65, or NF-κB p65 overnight at 4°C after blocking with skimmed milk for 1 hour. The combination of secondary antibody (the goat anti-rabbit IgG) was applied once the membrane was washed. Finally the observation of the image using enhanced chemiluminescence and the protein content was quantitated using the documentation system.
RT-PCR
The RNA extracted from the kidney and the cells via Trizol reagent (Invitrogen, California, USA) was used to reverse transcribe to cDNA with the help of a Reverse transcription Kit (Promega, USA), which was in turn augmented by RT-PCR using Power SYBR Green PCR Master Mix (Bio•Rad, USA) and GAPDH primers (Sangon Biotech, Shanghai, China). The forward and reverse primer for the detected RNA sequence were as follows: TNF-α: 5'-CCCTCCTGGCCAACGGCATG-3' and 5'-TCGGGGCAGCCTTGTCCCTT-3'; the TLR2 (MQP030650), TLR4 (MQP032465), MCP-1 (MQP027672), IL-1β (MQP027422), iNOS (MQP029793). Primers were bought from GeneCopoeia, USA. Finally, the relative expression of genes was analyzed by using 2_∆∆Ct.
ELISA
At the end of the experiment, the culture medium of the RWA 264.7 cells was collected and the content of TNF-α, IL-1β, and MCP-1 in it was determined by ELISA kits.
Statistical analyses
Data were analyzed with the help of SPSS 16.0 and continuous variables were expressed as mean ± SD. All the data were compared by ANOVA analysis.
The difference between groups was tested using the LSD and Levene method for a homogeneity test of variance, in which a p value under 0.05 was considered significant.
Results
Clinical parameters
The mice in the control group were responsive with active behavior, bright body hair, normal diet, water and a good mental state. Diabetes mellitus model group mice gradually showed obvious symptoms of diabetes: eating and drinking more, increased urine output, 2.5. Cell culture RAW264.7 cells were purchased from Shanghai cell bank of Chinese Academy of Science, China and seeded in high glucose DMEM medium with an osmotic pressure of 250 mmol/L, which was supplemented with 10% fatal bovine serum (FBS) and 1% penicillin G, streptomycin. The serum free medium was used to culture the cells for 24 h in order to synchronize the cells.
Prior to the experiment, the cells were inoculated in 96-well plates, at a density of 5,000-10,000 cells per plate. Different concentrations of Paeoniflorin were added in cell culture for a day and a CCK-8 assay kit was used to determine cell viability. Under 200 μg/mL AGEs stimulation, the cells were collected at different time points, and the total protein was extracted to observe the expression of TLR2, TLR4 and iNOS protein in order to determine the optimal time of stimulation. In addition, different concentrations of Paeoniflorin were also added half an hour ahead of AGEs stimulation and TLR2, TLR4 and iNOS expression was assessed to determine the best concentration for Paeoniflorin treatment. Then the synchronized RAW264.7 cells were divided into the control group, BSA-stimulated group, AGEs-stimulated group, Paeoniflorin intervention group and oxidized phospholipid (OxPAPC)-inhibited group. The BSAstimulated group was cultured with 200 μg/mL BSA and the AGEs-stimulated group, Paeoniflorin intervention group as well as the OxPAPC-inhibited group were all cultured with 200 μg/mL AGEs respectively for 24 hours. The Paeoniflorin intervention group was treated with various concentrations of Paeoniflorin half an hour before AGEs. Furthermore, an hour before the AGEs stimulation, the OxPAPC-inhibited group was added in OxPAPC to block the TLR2/4 signaling pathway.
Immunohistochemistry
Fresh renal tissues were fixed with 4% paraformaldehyde and embedded with paraffin, which were later cut into 2 μm sections. After deparaffinization, the tissue slices were treated with 3% hydrogen peroxide and then heated in a microwave in order to enclose the endogenous peroxidase and retrieve the antigen. Primary antibody (CD68, TLR2, TLR4, NF-κB p65) was incubated at 37°C with polyperoxidase-anti-mouse/rabbit IgG, followed by 3,3-diaminobenzidine (DAB, Sigma) and hematoxylin staining. Quantitation for CD68 positive cells, representing the recruitment of macrophages in tissue sections were counted randomly in 20 high-power (×400) interstitial fields. However, the staining of TLR2, TLR4 and NF-κB p65 was analyzed by a computer system.
Western blot
Animal protein of homogeneous kidney samples and weight loss, bleak coat, messy, dirty, delayed behavior and were apathetic. Diabetic mice given paeoniflorin intervention and TLR2/4 knockout showed a mild performance compared to diabetes mellitus model group mice. The metabolic data and the monitored clinical parameters of the five groups of mice are demonstrated in Table 1 . On average, the enhanced blood glucose level and body weight were observed in the db/db group compared to db/m mice, but differences with Paeoniflorin treatment were not noticed. Despite the similar blood glucose level and body weight, mice given Paeoniflorin treatment exhibited a considerable dosedependent decrease in albuminuria compared to the db/ db group, which was still higher than that of db/m group.
Immunohistochemical analysis for distribution of TLR2, TLR4, CD-68 and NF-κB p65 in mice kidneys
Immunohistochemistry showed that staining of TLR2 was mainly observed in the tubulointerstitium, while the expression of TLR4 was found on glomeruli in addition to tubulointerstitium. In db/m mice kidneys, the positive result of IHC staining for TLR2 and TLR4 was barely noted, however the db/db mice illustrated typical manifestation of TLR2 and TLR4, which was recognized as overexpression. Compared with the db/ db, the intensity of TLR2 and TLR4 immunostaining was significantly decreased parallel to the concentration of the Paeoniflorin given to the db/db mice, proving that the treatment with Paeoniflorin can decrease the expression of TLR2 and TLR4 in diabetic models. In order to gain better insight into the inflammatory level, we introduced macrophage recruitment into our investigation. CD68, as a parameter representing renal macrophage accumulation, was occasionally noticed in db/m mice kidneys, yet, the CD68 positive macrophage infiltration was found markedly increased in db/db mice. Immunohistochemical staining indicated a statistical reduction in CD68 positive expression in kidneys from Paeoniflorin treated mice with diabetes as compared to db/db mice, which verifies the effects of Paeoniflorin on macrophage accumulation and infiltration. NF-κB p65 was highly expressed in the nucleus and cytoplasm of glomerular mesangial cells and renal tubular epithelial cells from db/db mice compared to the rare expression in db/m mice, however, NF-κB p65-posive expression was decreased with the Paeoniflorin treatment in a dose-dependent manner (Figures 2 and 3, Table 2 ).
The mRNA results of iNOS, TNF-α, IL-1β and MCP-1 in mice kidneys
As shown in Figure 4 , low level expression of iNOS, TNF-α, IL-1β and MCP-1 was discovered in conformity with transcriptional regulation of mRNA levels in db/m mice. In contrast, the mRNA levels of iNOS, TNF-α, IL-1β and MCP-1 was significantly elevated in db/db mice and fell remarkably with Paeoniflorin treatment, which was highly consistent with the Western blot results.
Western blot analysis of TLR2,TLR4, MyD88, p-IRAK1,Trif, p-IRF3, NF-κB p-p65, NF-κB p65, and IL-1β expression in mice kidneys
TLR2 and TLR4 together with the downstream signaling molecule protein expression in the experimental subjects was further confirmed by Western blot analysis, which showed a significant upregulation of TLR2,TLR4, MyD88, p-IRAK1,Trif, p-IRF3, NF-κB p-p65, and NF-κB p65 in db/db mice compared to db/m mice. The same goes with the inflammatory cytokines-IL-1β. By comparison, the expression of the above protein was significantly attenuated by 15, 30 and 60 mg/kg Paeoniflorin treatment ( Figure 5 ).
Effect of Paeoniflorin on AGEs-stimulated production of TLR2, TLR4 and iNOS
To determine the stimulated time of AGEs and concentration of Paeoniflorin intervention, we evaluated the viability of RAW 264.7 cells under different concentrations of Paeoniflorin and TLR2, TLR4, iNOS expressions when stimulated with AGEs for various lengths of time. In Figure 6 , the Cytotoxicity assay showed that the viability of RAW 264.7 cells declined at 10 -4 mol/L Paeoniflorin intervention while there was no influence at concentrations between 10 -4 and 10 -8 . Figure 7 also demonstrated the overexpression of TLR2 and iNOS 4 hours after AGEs stimulation in RAW 264.7 cells, while TLR4 was remarkably elevated from 6 h, which all peaked at 24 h. Thus, we cultured cells with AGEs for 24 h in the subsequent experiments. In the selected four doses (10 -5 to 10 -8 mol/L), TLR2, TLR4, and iNOS expression could be inhibited in a concentration dependent manner by Paeoniflorin when stimulated by AGEs, compared to the AGEs stimulated group. Therefore, we chose 10 -5 mol/L as the intervention dose (Figure 8 ). To identify whether the activated inflammatory effect of hyperglycemia on macrophages is mediated by TLRs, we cultured RAW 264.7 with AGEs in vitro. As we can see in Figure 9 , the mRNA level of TLR2 and TLR4 was elevated in the AGEs group, but decreased in both the Paeoniflorin and OxPAPC group. Western blot analysis in Figures 10A and 10B showed that proteins of TLRs signaling pathway including TLR2,TLR4, MyD88, p-IRAK1,Trif, p-IRF3, NF-κB p-p65, NF-κB p65 and iNOS were prominently increased on RAW 264.7 under AGEs condition, while the Paeoniflorin treatment and OxPAPC intervention both exhibited a significant reduction in the expression of TLR2,TLR4, MyD88, p-IRAK1,Trif, p-IRF3, NF-κB p65, NF-κB p-p65 and iNOS.
Advanced glycation end products (AGEs) activated the expression of TLRs signaling and macrophage activation on RAW 264.7
TLRs mediated pro-inflammatory responses in RAW 264.7 exposed to AGEs
To visualize the effects of hyperglycemia on inflammation initiated by macrophages, the following events were carried out in vitro with RAW 264.7 cells. The secretion of TNF-α, IL-1β and MCP-1 were determined via ELISA, finding that RAW 264.7 exposed to AGEs demonstrated a higher concentration of TNF-α, IL-1β and MCP-1, whereas TNF-α, IL-1β and MCP-1 in Paeoniflorin treated cells were profoundly diminished. In order to further clarify the pivotal role of TLRs in inflammatory responses and Paeoniflorin treatment, the inhibitor of the TLRs was introduced. The results of RAW 264.7 cultured in OxPAPC were similar to those seeded in Paeoniflorin after exposure to AGEs, which corresponded to what was obtained from Western blots (Figure 11 ).
Discussion
DN is a long-term complication, and the prevention of its progression remains to be a challenge. Increasing evidence reviewed lately, indicates that TLR2/4-mediated inflammation might be a promising factor leading to an effective approach to DN blockage and treatment. In renal biopsy of DN patients, macrophages accumulated and turned out to play a pathogenic role in DN progression (18) . In addition, research on type 1 diabetic patients showed the increasing expression of TLR2, pro-inflammatory cytokines in blood leukocytes (19) and upregulation of TLR4 in human renal tubules (10) . Studies performed by Alaa S.et al. demonstrated that the absence of macrophage TNF-α stimulated by TLRs could prevent diabetic mice from having complications like DN and chronic renal injuries, which could be mainly expresed in albuminuria decrease and hypertrophy reduction (4) . Also, the introduction of Chinese traditional medicine -Paeoniflorin, which was reported to have anti-inflammatory and immuneregulatory effects, was found to be helpful for DN treatment and prevention (14, 16) , though the underlying protective mechanism of its action was largely unclear. In the present study, we demonstrated that the mechanism of Paeoniflorin treatment in DN might be through the TLR-involved anti-inflammatory process.
Paeoniflorin as a typical main principal bioactive component of Paeoniae Radix (20) , is one of the major constituents that form total glucosides of paeony (TGP) (21) and has been put into clinical treatment for rheumatoid arthritis (22) , hepatitis (21) , systemic lupus erythematosus, and mesenteric hyperplastic nephritis (23) (24) (25) . Xu et al. has done research on rats, which suggested that the protective affect of TGP on DN was associated with the blockage of TLR2 and TLR4 activation (26) . In our study, we illustrated that Paeoniflorin therapy decreased proteinuria and ameliorated creatinine clearance rate in db/db mice. We also presented the blocking of NF-kB activation and macrophage recruitment, together with the suppression of the inflammatory cytokines and chemokines (TNF-α, IL-1β, MCP-1, and iNOS) in the Paeoniflorin group, which was highly consistent with that reported by Fu et al. (16) . The reduction of selective TLRs signaling molecule expression was also observed and the above results are compatible with those in vitro experiments on AGEs-induced RAW 264.7 cells when treated with Paeoniflorin suggesting the renoprotective role Paeoniflorin played in TLRs-mediated DN progression.
Previous essays have reported that macrophage infiltration and activation play an essential role in the pathogenesis of DN. In recent studies, increasing evidence demonstrated that the phenotype of the infiltrated macrophage was the major character that ultimately decided the sequelae of DN (27) . M1 macrophages promote the inflammatory response and tissue injury, while the M2 macrophages provide the anti-inflammatory and tissue protective effects (28) . The transformation of M1 phenotype could be initiated by pro-inflammatory cytokines such as IFN-y, and TNF-α, which in turn enhanced the secretion of these pro-inflammatory cytokines (27) . In our experiment, iNOS, as the key M1 macrophage marker, was shown to estimate the population of activated macrophages and the severity of inflammation in DN models. Our data revealed the similar results to Devaraj et al, finding the increased expression of iNOS in db/db mice and the M1 phenotype in RAW264.7cells when exposed to AGEs (8) . Furthermore, we exhibited that Paeoniflorin treatment not only reduced macrophage recruitment but also the M1 phenotype in a dose-dependent manner, resulting in a decrease of proinflammatory cytokine production, which corresponded to our in vitro experiments. Thus, we have reason to speculate that the renoprotective effect of Paeoniflorin on DN is likely related to the blockage of M1 macrophage phenotype activation.
Insight into the full mechanism of TLR2/4 singnal pathway has caused increasing attention. A great quantity of research executed in DN models exhibited that once ligand binding occurred, the downstream signaling pathway could be categorized as the MyD88-dependent and the MyD88-independent pathway. The former, was characterized by both TLR2 and TLR4, signals through IRAKs, while the latter pathway only implemented in TLR4 not TLR2, signals through TRIF and then IRF3. Despite the different pathways, they both reach to activation of NF-κB which can ultimately up-regulate the transcription of factors related to inflammatory responses and thereby initiate inflammation. NF-κB p65 as a family member of NF-κB transcription factors, was monitored as a parameter in our experiment (29) . Data presented in our study further verified the previous TLRs signal pathway, showing the synergistically enhanced downstream signaling proteins in db/db and AGEs-induced RAW 264.7 models. Therefore, termination of inflammation in diabetes taking TLRs as a target seems to be a suitable treatment project to ameliorate inflammation and progressive DN. In addition, in vivo and in vitro experiments, these proteins were found synergistically decreased in Paeoniflorin treatment groups, which indicated that Paeoniflorin might inhibit macrophages from activition through the blockage of TLRs expression in DN.
Our strategies designed to further state that the TLRsinhibited renoprotection of Paeoniflorin theory using TLR2 and TLR 4 inhibitor was carried out in RAW264.7 macrophages. We and others have already displayed that the hyperglycemic environment can activate TLRs and M1 macrophages which strikingly increased in mice kidneys with diabetes. In our subsequent experiment, we incubated the AGEs-induced RAW264.7 macrophages with OxPAPC-an inhibitor of TLR signaling restricted to TLR2/4 (30) . The results of the statistic reduction of TLR2, TLR4, MyD88, p-IRAK1, p-IRF3, and NF-κB p65, together with TNF-α, IL-1β, MCP-1 and iNOS, which is similar to the Paeoniflorin treatment, making our TLR-mediated macrophage activation and TLRinhibited Paeoniflorin treatment sensible.
In summary, our findings suggest that the activation of TLR2/4 initiate M1 macrophage polarization and infiltration, resulting in the release of inflammatory cytokines and chemokines, which in turn exacerbate inflammation and ultimately aggravate DN. The research we did on Paeoniflorin treatment for the first time demonstrate that Paeoniflorin prevents macrophage activation via inhibition of TLR2/4 expression in type 2 diabetic nephropathy and provides supportive evidence for paeoniflorin therapeutic strategies in DN patients.
